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Ground Rules

uNTSB 831.13  Flow and dissemination 
of accident or incident information.
(b) … Parties to the investigation may 

relay to their respective organizations 
information necessary for purposes of 
prevention or remedial action.  

… However, no (release of) 
information… without prior consultation
and approval of the NTSB.  



Ground Rules

u Avoid discussion of “Probable 
Cause”, unless determined and 
published by the NTSB

u This presentation is provided for 
accident prevention purposes only



Each accident is uniqueEach accident is unique
Although the results may be very similar the 
causal factors leading up to an accident are 
seldom exactly alike. 

Therefore it is unlikely that any two sets of 
findings, recommendations, or presentations 
will ever be the same. 

It is imperative that you focus your attention 
on the underlying “root” causes for each 
unique accident and avoid comparing one 
investigation or presentation against another.

Ground Rules



WhatWhat

“The PROCESS”

What happened?
(gather facts)

Accident Investigation
involves asking three questions 

The 3W’s of accident investigationThe 3W’s of accident investigation

WhatWhat

WhyWhyWhy did it happen?
(causal analysis)

What can we do to prevent it?
(develop recommendations)



Aviation Accident ReviewAviation Accident Review

Cessna 185
Mission Pilot training
Weather VMC
Damage Substantial
Injuries One minor
Procurement Fleet
NTSB ID DEN00TA049 

Loveland, CO
February 7, 2000

During a flight review, the flight 
instructor, who was at the 
controls, failed to maintain 
directional control as the 
aircraft touched down and the 
aircraft spun to the right 
(ground loop) striking the left 
wing on the runway.

The pilot-in-command allowed 
the flight instructor to make the 
landing without ensuring that he 
was current in the aircraft and 
current in tail wheel aircraft.







NTSB Probable Cause
Loveland, CO, February 7, 2000

NTSB Probable Cause
Loveland, CO, February 7, 2000

Probable Cause
- The failure of the pilot-in-
command to maintain directional 
control, resulting in an 
inadvertent ground loop. 

A factor was the crosswind.

The National
Transportation Safety

the probable cause of
Board determined that 

this accident was …



OAS Observations
Loveland, CO, February 7, 2000

OAS Observations
Loveland, CO, February 7, 2000

Crew Resource Management
- Are thorough pre-mission 

briefings being conducted for 
all missions?

- Do pilots routinely check 
crewmembers
• qualifications
• skill-level
• physical and mental state 

Supervision
- Do you know what you’re getting 

into when you approve a mission?

- Does everyone feel comfortable 
halting unsafe operations?

Issue
Pilot-in-command did
not know the flight
instructor was not
current in either tail
wheel aircraft or this
model of aircraft



Issue
Pilot in left seat

Aviation 
Life Support Equipment

- Should DOI require the install 
of dual shoulder harness 
restraint systems ?

- Should DOI require the use of 
flight helmets instead of 
headsets ?

OAS Observations
Loveland, CO, February 7, 2000

OAS Observations
Loveland, CO, February 7, 2000

received minor head
injury when his
headset hit the door



Informal flight plan

Issue
Mission Planning

- Why do pilots fail to comply 
with OPM 00-2 requirements 
for:

OAS Observations
Loveland, CO, February 7, 2000

OAS Observations
Loveland, CO, February 7, 2000

• flight plans (FAA, ICAO, 
Bureau approved, or an OAS 
approved vendor program)

• flight following

- How can DOI improve compliance 
with OPM 00-2 ?

with pilot who drove
crew to airport



Aircraft inspection overdue

Mission Planning
- Do pilots commonly 

overlook required 
inspections (i.e. 100 
hour inspections)?

Issue

OAS Observations
Loveland, CO, February 7, 2000

OAS Observations
Loveland, CO, February 7, 2000



Aviation Accident ReviewAviation Accident Review
Talkeetna, AK

June 19, 2000

During a mission to transport 
three people to a basecamp in 
Denali NP the pilot 
encountered adverse 
weather.  The pilot turned 
the aircraft around and 
found his retreat blocked by 
the weather. After an 
extensive search the 
wreckage was located.  

There were no survivors.

Cessna 185
Mission Passenger transport
Weather VMC 

(to IMC w/thunderstorms)
Damage Destroyed
Injuries Four fatal
Procurement Rental
NTSB ID ANC00GA071



Talkeetna

Kahiltna Ice 
Falls 

Big Bend of 
the Kahiltna

X
Accident 

Site

Destination:
Denali 

Basecamp 







Main fuselage

Debris

Engine

Approx 3000’ 
>45° slope

Left wing



NTSB Probable Cause
Talkeetna, AK, June 19, 2000
NTSB Probable Cause

Talkeetna, AK, June 19, 2000

Probable Cause
- The pilot's continued flight 
into known adverse weather 
conditions and subsequent
in-flight break-up.

Factors in the accident were
weather conditions consisting of
low ceilings, turbulence, and
and an occluded front with
convective activity, and
inadequate oversight of the
flight by company management. 

The National
Transportation Safety

the probable cause of
Board determined that 

this accident was …



Observations
Talkeetna, AK, June 19, 2000

Observations
Talkeetna, AK, June 19, 2000

Issue
Pilot encountered

Mission Planning
- Were available resources fully 

utilized ? 

- Were alternate routes planned 
and emergency landing areas 
identified ?

• time for planning
• FSS weather
• PIREPSs

unanticipated adverse
weather enroute to
Denali Base Camp



Issue
Pilot encountered
unanticipated adverse
weather enroute to
Denali Base Camp

Observations
Talkeetna, AK, June 19, 2000

Observations
Talkeetna, AK, June 19, 2000

Crew Resource Management
- Do pilots use available personnel?

- Do passengers know they can 
say NO ?

Communications
- Would more VHF / FM 

repeaters increase PIREPS and 
enhance safety in this area?

• clearing aircraft
• reading checklists



Education
- Should contract organizations 

and personnel be involved in 
aviation safety training events 
such as:

Contract pilots and

Observations
Talkeetna, AK, June 19, 2000

Observations
Talkeetna, AK, June 19, 2000

Issue

• mishap reviews
• hazard reporting procedures
• safety policies

organizations would
benefit from, but
generally do not
participate in, DOI
conducted briefings



Cessna 337
Mission Pax Transport
Weather VMC 
Damage Substantial
Injuries None
Procurement Rental
NTSB ID LAX00TA263 

Battle Mountain, NV
July 12, 2000

Aviation Accident ReviewAviation Accident Review

Aircraft landed with the gear 
retracted at the Battle 
Mountain airport.

The pilot was focused on the 
wind and his airspeed and failed 
to extend the gear.

The pilot did not use available 
aids to ensure the gear was 
extended, i.e. a checklist, other 
crewmembers, the warning horn 
or the mirrors.





Structural Damage to Frame  





NTSB Probable Cause
Battle Mountain, NV, July 12, 2000

NTSB Probable Cause
Battle Mountain, NV, July 12, 2000

Probable Cause
- The failure of the pilot to 
extend the landing gear, and
his failure to follow the
published before landing
checklist concerning extension
of the landing gear. 

The National
Transportation Safety

the probable cause of
Board determined that 

this accident was …



OAS Observations
Battle Mountain, NV, July 12, 2000

OAS Observations
Battle Mountain, NV, July 12, 2000

Procedures

- Would use of a checklist have 
prevented this accident ?  

- How do we ensure pilots 
properly prioritize actions 
and maintain  situational 
awareness ?

- How can DOI ensure pilots 
conduct thorough pre-mission 
briefings ? 

Issue
Pilot-in-command did

- What should DOI do for 
failure  to use a checklist ?

not use a checklist
and forgot to lower
the landing gear



Issue
Pilot-in-command did
not use a checklist
and forgot to lower
the landing gear

OAS Observations
Battle Mountain, NV, July 12, 2000

OAS Observations
Battle Mountain, NV, July 12, 2000

Crew Resource Management
- Should DOI require all 

aircrewmembers to be 
trained on CRM

- Why do pilots fail to use 
available personnel to…
• read checklists
• ensure landing gear is  

extended



Bell 206L-1/C30P
Mission Pax Transport
Weather VMC 
Damage Destroyed
Injuries One fatal

One serious
One minor

Procurement Exclusive use
NTSB ID LAX00GA286 

Montello, NV
August 3, 2000

Aviation Accident ReviewAviation Accident Review

While on a mission to transport 
two firefighters, the helicopter 
was at a 2’-3’ hover when it 
suddenly and violently rolled to 
the right.  The main rotor 
separated and the aircraft came 
to rest on its skids.  The 
passenger in the front left seat 
was seriously injured and the 
passenger in the left rear seat 
was fatally injured.









Aviation Life Support Equipment



Left Front Passenger

Main Rotor 
Blade Strike 

2nd 
Main Rotor 
Blade Strike 



Main Rotor 
Blade Strike 

2nd 
Main Rotor 
Blade Strike 

Left Front Passenger

Analysis by the 
U.S. Army Aeromedical 

Research Lab 



Left Front Passenger

Main Rotor 
Blade Strike 

2nd 
Main Rotor 

Blade Strike 

Analysis by the 
U.S. Army Aeromedical 

Research Lab 

This helmet
SAVED
a life !!! 



Both Front Passengers
Seatbelts

held
Shoulder 
harnesses 

didn’t



Left Rear Passenger
Seatbelt

held
But a shoulder 
harness was 

not required and 
not installed



NTSB Probable Cause
Montello, NV, August 3, 2000
NTSB Probable Cause

Montello, NV, August 3, 2000

Probable Cause
- The loss of control in 
hovering flight and impact
with terrain for undetermined 
reasons. 

The National
Transportation Safety

the probable cause of
Board determined that 

this accident was …



OAS Observations
Montello, NV, August 3, 2000

OAS Observations
Montello, NV, August 3, 2000

Aviation Life Support 
Equipment

- How should DOI encourage 
maximum use of available 
ALSE (i.e helmets) ?

Issue
Use of flight helmets

- Should DOI require the 
installation of dual shoulder 
harness restraint systems ?

saved one life



Bell 412
Mission Fire Suppression
Weather VMC
Damage Destroyed
Injuries One fatal
Procurement CWN
NTSB ID LAX00GA297

Cold Springs, NV
August 13, 2000

Aviation Accident ReviewAviation Accident Review

On a fire suppression mission a 
Bell 412 using a Bambi Bucket 
crashed on a rocky hillside.  The 
single occupant, the pilot, was 
fatally injured.

NTSB Investigation On-Going
Preliminary Information

NTSB Investigation On-Going
Preliminary Information



On August 13, 2000, at 1646 hours 
Pacific daylight time, a Bell 412, 
N174EH, was destroyed when it 
collided with mountainous terrain 
while conducting a water drop on a 
wildfire along a ridgeline near Cold 
Springs, Nevada. 

The helicopter was operated by the 
Bureau of Land Management as a 
public-use firefighting mission 
under the provisions of FAR Part 91

The airline transport pilot 
sustained fatal injuries. 

Visual meteorological conditions 
prevailed for the accident flight.

Aviation Accident ReviewAviation Accident Review



The investigation has revealed that 
the crash sequence began with a 
catastrophic failure in the #1 
engine’s compressor turbine (CT) 
section.

Detailed metallurgical analysis 
indicates the fracture of the #1 
CT disc occurred as a result of 
cyclic stress rupture (a phenomenon 
where at high temperature a material’s strain 
resistance is compromised).

“In summary, the CT disc failed due 
to stress rupture brought about by
sustained operation near or above 
acceptable limits.  No material or 
design deficiencies were 
identified.” (Sidla, TSB)

Aviation Accident ReviewAviation Accident Review







Accident site

Flight path



Initial 
Impact 

of 
Bucket

Water 
Trail

Initial Impact of 
Fuselage

Fuselage



Debris Field



Main Rotor Blade



Main Rotor Blade Tail Rotor

Indications of low rotor RPM at impact





Knot was added Additional
ring inside
80% ring



Oversight by Helicopter ManagersOversight by Helicopter Managers



CWN Helicopter ContractCWN Helicopter Contract
Load Calculation RequirementsLoad Calculation Requirements



CWN Helicopter ContractCWN Helicopter Contract
Load Calculation RequirementsLoad Calculation Requirements

Pilot is required to 
complete Blocks 1-13

HEMG is responsible to 
check the pilot



Load Calculation Load Calculation -- Allowable PayloadAllowable Payload

Allowable Payload
The maximum allowable weight 

(passengers and/or cargo) that can 
be carried for the mission



Aircraft Performance PlanningAircraft Performance Planning



Aircraft      
Performance 

Planning

In Ground 
Effect

5500’
(from pilot’s load calc)

10,300 lbs
Max IGE26°C

Conservative
figures for
Helibase



Aircraft 
Performance 

Planning

Out of Ground 
Effect

26°C 28°C

Performance 
Calculations for

Accident Site

9,700 lbs
10,300 lbs

? 600 lbs

Conservative
figures for
Helibase

6430’
(from helicopter)

5500’
(from pilot’s load calc)



Bell 412

5500’/26°C

7380
300 (287+gear)

1000
8680

390 JET

11,900 (pg 1-1)

8680

10,300 10,300

9,910 10,300

9,910 10,300
8680

1230 1620

Allowable Payload
The maximum allowable weight (passengers and/or cargo) 

that can be carried for the mission

Hover in ground effect (HIGE) 1230 lbs

Hover out of ground effect (HOGE) 1620 lbs

Load Calculation Load Calculation -- Allowable PayloadAllowable Payload

5500’/26°C



Bell 412

6430’/28°C

7380
300 (287+gear)

1000
8680

390 JET

11,900 (pg 1-1)

8680

9,800 9,700

9,410 9,700

9,410 9,700
8680

730 1020

Allowable Payload for Dropsite
Hover in ground effect (HIGE) 730 lbs

Hover out of ground effect (HOGE) 1020 lbs

Load Calculation Load Calculation -- Allowable PayloadAllowable Payload

6430’/28°C



Aircraft Performance 
Planning

Out of Ground Effect

26°C 10,300 lbs

Conservative
figures for
Helibase

5500’
(from pilot’s load calc)



Pilot’s Flawed
Aircraft 

Performance 
Planning

30°C

5500’ MSL

11,700 lbs
Calculated 

IGE



Model 3542
100% 420 gal 3667 lbs

90% 378 gal 3282 lbs

80% 336 gal 2934 lbs

70% 294 gal 2585 lbs

Bambi Bucket Loading



Bell 412

6430’/28°C

7380
300 (287+gear)

1000
8680

390 JET

11,900 (pg 1-1)

8,680

11,100 9,800

10,710 9,800

10,710 9,800
8,680

2,030 1,120

Bell 412

5500’/26°C

7380
300 (287+gear)

1000
8680

390 JET

11,900 (pg 1-1)

8,680

11,500 10,300

11,110 10,300

11,110 10,300
8,680

2,430 1,620

Model 3542
100% 420 gal 3667 lbs
90% 378 gal 3282 lbs
80% 336 gal 2934 lbs
70% 294 gal 2585 lbs

Why?

Load Calculation



How big of a bucket could have been carried



Hover out of ground effect
at 26° and 5500ft

1620 lbs

Model 3542

100% 420 gal 3667 lbs

90% 378 gal 3304 lbs

80% 336 gal 2956 lbs

70% 294 gal 2607 lbs

Too heavy in all configurations

How big of a bucket could have been carried



Hover out of ground effect
at 26° and 5500ft

1620 lbs

Too heavy in all configurations

Model 2732

100% 324 gal 2853 lbs

90% 292 gal 2578 lbs

80% 259 gal 2304 lbs

70% 227 gal 2038 lbs

How big of a bucket could have been carried



Hover out of ground effect
at 26° and 5500ft

1620 lbs

Model 2024

100% 240 gal 2135 lbs

90% 216 gal 1928 lbs

80% 192 gal 1729 lbs

70% 168 gal 1529 lbs

Must be cinched to 70%

How big of a bucket could have been carried

70% 168 gal 1529 lbs



Pilot Authority and 
Responsibility

(A) The Pilot-in-Command 
is responsible for 
operating the aircraft 
within its operating 
limits, responsible for 
the safety of the 
aircraft, its 
occupants, and cargo…



(4) Suspend operations 
pending the removal 
or reinstatement of 
unsatisfactory 
equipment or 
personnel by the 
Contracting Officer

HEMG Authority and 
Responsibility



#1 Engine Compressor Turbine



#2 Engine Sprag Clutch

Sprag 
Clutch 
Damage



#2 Helical Gear Coupling Shaft

Sprag 
Clutch
Grab 
Marks

Sprag 
Clutch 

Slippage
(Brinelling)



Transverse 
fracture due 
to torsional 
overload

Intermediate
Coupling Drive 
Shaft assembly



Materials Investigation Laboratory Report

“Fracture of two firtrees of 
the P.S. no.1 CT disc 
occurred as a result of

NOTE:  Stress Rupture or
Cyclic Stress Rupture refers
to a phenomenon of high 
temperatures where a 
material’s strain resistance
is compromised.”

cyclic stress rupture.”

“Cracking associated with 
necking was observed in 
about a dozen firtrees on
the upstream face.”



Materials Investigation Laboratory Report

“No microstructure changes  

“Results of dimensional 

were observed in the CT disc
firtree.”

measurements detected 
growth all around and 
deformation in the area of

corresponding with the 
cracking / stretching of the 
firtrees.”

“The CT blades of above
disc had fractured by
tensile overload promoted

the fractures and
diametrically opposite, 

by overheating.”



Materials Investigation Laboratory Report

“Damage of the clutch drive 

“Transverse fracture of the

shaft and the sprag clutch
assembly was due to adhesive

coupling shaft, which engages
inside the clutch shaft, was
due to torsional overload and
was secondary.”

wear characteristic of 
sudden seizure.”



OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Helicopter ManagersIssue
Pilot repeatedly took 
excessive and 
unnecessary risk
Helicopter managers 
failed to identify and 
correct a hazardous 
aviation situation

- Why were risks either not 
identified or not controlled ?

- How can DOI ensure that risks 
are effectively managed ? 

- When aviation safety problems 
can not be controlled are 
managers taught to elevate 
them to the appropriate level ?

- Are managers held accountable 
for their decisions ?



OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Helicopter Managers
- How can DOI ensure managers 

and operators understand and 
enforce

Issue
Pilot repeatedly took 
excessive and 
unnecessary risk
Helicopter managers 
failed to identify and 
correct a hazardous 
aviation situation

• aviation policies
• hazard reporting procedures
• load calculations
• other aircraft limitations



OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Issue
Pilot repeatedly took 
excessive and 
unnecessary risk
Helicopter managers 
failed to identify and 
correct a hazardous 
aviation situation

Helicopter Managers

- Should aviation managers be 
required to periodically observe 
all aspects of operations under 
their control (where feasible) ?

- How do we ensure managers 
properly prioritize actions and 
maintain  situational awareness ?

- Would use of a checklist have 
prevented this accident ?  



Issue
OAS and Bureau staff 
do not regularly 
provide training for 
contract pilots and 
personnel 

OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Education
- How should DOI involve contract 

organizations and personnel in 
aviation safety training events ?

• mishap reviews

• hazard reporting procedures

• safety policies



Issue
The aircraft being 
utilized may not have
been the best tool for 
the job. 

OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Dispatching Officials
- Do dispatching officials and 

managers have a functional 
understanding of aircraft 
capabilities and limitations ?

- Should dispatching officials and 
managers be held accountable 
for their decisions ?

• how can DOI improve this 
understanding ?



Issue
The DOI SAFECOM 
system failed to 
identify the hazards 
prior to the accident

OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

OAS Safety
- Should OAS and Bureau staff 

re-evaluate the DOI SAFECOM 
system ? 
• training
• internal processes

• tracking

• emphasis on human factors
• follow-up

• timeliness of report submission



OAS Observations
Cold Springs, NV, August 13, 2000

OAS Observations
Cold Springs, NV, August 13, 2000

Helicopter ManagersIssue
- How can DOI ensure that all 

personnel involved in a mission 
understand the importance of 
reporting hazards ?

- How can managers break down 
reporting barriers ?

• refuelers and mechanics
• military augmentees

The DOI SAFECOM 
system failed to 
identify the hazards 
prior to the accident



CHANGES
DOI Aircraft Rental Agreement Contracts

CHANGES
DOI Aircraft Rental Agreement Contracts

B8.2.2.1  Water bucket useIssueIssue
Clarification of DOI 
ARA Contract 
language concerning 
bucket operations and 
aircraft performance

- B8.2.2.1 Water Bucket Use.  Use 
of a water bucket at a quantity 
less than the manufacturer’s 
minimum adjustment level (partial 
dip) is not authorized.  Bucket 
must be of a size to match the 
performance capability of the 
aircraft at the environmental 
operating conditions during use. 



CHANGES
DOI Exclusive Use Contracts

CHANGES
DOI Exclusive Use Contracts

B2.3.11  Water bucket useIssueIssue
Clarification of DOI 
Exclusive-Use 
Contract language 
concerning bucket 
operations and 
aircraft performance

- Use of a water bucket at a 
quantity less than the 
manufacturer's adjustment level 
(partial dip) is not authorized. 

- Use of a water bucket at a 
quantity less than the 
manufacturer's adjustment level
(partial dip) is not authorized. 

- Environmental operating 
conditions may dictate the need 
for more than one size bucket.



CHANGES
DOI Exclusive Use Contracts

CHANGES
DOI Exclusive Use Contracts

IssueIssue
Clarification of DOI 
Exclusive-Use 
Contract language 
concerning bucket 
operations and 
aircraft performance

B4.2.26  (refers to aircraft 
performance)
- Two (2) foldable; electrically 

operated; cinch-type capacity, 
adjustable water/retardant 
buckets shall be furnished under 
this contract.  



CHANGES
DOI Exclusive Use Contracts

CHANGES
DOI Exclusive Use Contracts

IssueIssue

- The FIRST bucket shall be 
commensurate with the maximum 
lifting capability of the aircraft 
using the environmental 
conditions as specified in section 
A for aircraft performance.

Clarification of DOI 
Exclusive-Use 
Contract language 
concerning bucket 
operations and 
aircraft performance

- The FIRST bucket shall be 
commensurate with the maximum 
lifting capability of the aircraft 
using the environmental 
conditions as specified in section 
A for aircraft performance.

- The SECOND bucket shall be 
commensurate with the maximum 
lifting capability of the aircraft 
using the environmental 
conditions of 6,000 feet 
pressure altitude and 25°C. 

B4.2.26  (refers to aircraft 
performance)



Observations
Helmets

Checklists
Flight Plans

Accountability
Flight Following

Restraint Systems
Situational Awareness
Reduce Risk Tolerance

Improve Hazard Reporting
Crew Resource Management

Use the Right Tool for the Job
BE ASSERTIVE !!!

Aviation Accident ReviewAviation Accident Review



Frank E. Bird Jr.



If you think it’s wrong

If you know it’s wrong…

Hazard ReportingHazard Reporting

STOP IT !!!STOP IT !!!

question itquestion it



www.oas.govwww.oas.govwww.aviation.fs.fed.uswww.aviation.fs.fed.us

You can drop us a line

Hazard ReportingHazard Reporting

Or give us a call 1.888.4MISHAP1.888.4MISHAP

Safety Communiqué - SAFECOMSafety Communiqué - SAFECOM



Hazard ReportingHazard Reporting

Remember…Remember…
If you see something… say something !!!If you see something… say something !!!

Anyone can submitAnyone can submit
AnonymousAnonymous

For hazards or heroesFor hazards or heroes



Aviation Accident ReviewAviation Accident Review


